A particle of discrete biochemical composi- We also find that the DNA-synthesizing activity was recovered in a particle not disaggregated by physical manipulation (unlike the vast majority of cytoplasmic particulate material), which had a density of 1.16-1.17 g/ml.
Recent biochemical data revealed the presence of components of certain type-C RNA tumor viruses in human acute leukemic cells. Gallo and associates isolated a protein from peripheral blood leukemic leukocytes that had biochemical properties of RNA-dependent DNA polymerase of viruses (1, 2); Todaro and Gallo have now shown that it is immunologically specifically related to RNA-dependent DNA polymerase purified from type-C sarcoma and leukemia viruses of primates (3) . Work from Spiegelman's and our laboratories has demonstrated that (1) this DNA polymerase activity in human acute leukemia is recovered from a cytoplasmic subcellular fraction having a density characteristic of RNA tumor virus particles of animals (4, 5) ; (2) the endogenous template for the DNA polymerase reaction is likely to be a high-molecular-weight RNA molecule (refs. 5 and 6; R. E. Gallagher, unpublished); (3) the purified enzyme uses synthetic template-primers with a specificity like RNA-dependent DNA polymerase of viruses and different from the major DNA polymerases of normal proliferating leukocytes (2, 7); and (4) the purified enzyme can copy heteropolymer regions of a natural RNA templateprimer complex isolated from animal tumor viruses (2, 8) .
Abbreviations: Tumor viruses used as a source of RNA: SiSV (NRK), simian sarcoma virus grown in normal rat kidney cells (NRK); MuSV (Kirsten), a sarcoma-leukemia virus complex grown in NRK cells which originated by repeated infection of rats with a Gross-type murine leukemia virus; MuLV (AKR), a Gross-type murine leukemia virus grown in mouse fibroblast cells and originating spontaneously from AKR mice; AvLV (A-MV), avian leukosis virus, strain avian inyeloblastosis virus; MuLV (Rauscher), murine leukemia virus, strain Rauscher; FeSV (Gardner), feline sarcoma-leukemia virus, strain Gardner; FeLV (Rickard), feline leukemia virus, strain Rickard.
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Powerful arguments for the presence of RNA tumor viruses or components of these viruses in human acute leukemic cells also stemmed from molecular hybridization experiments done in Spiegelman's laboratory. Leukemic, but not normal, human cells contained RNA genetically similar to mouse (Rauscher) leukemia virus RNA and not to RNA from unrelated viruses (9) . Experiments by Baxt et al. (6) sedimented through 30% glycerol in TNE buffer [10 mM Tris HCl (pH 7.4)-0.1 M NaCl-1 mM EDTA] for 2 hr at 100,000 X g. The sedimented material was layered over a 20-50% sucrose gradient and centrifuged at 100,000 X g to equilibrium (more than 12 hr). G.F., is representative of several cases of fractionated cytoplasm of human acute leukemic cells. Fig. 2B and C present successive isopycnic fractionations in shallow sucrose gradients of cytoplasmic material having a density of 1.16-1.17 and containing DNA polymerase activity. In both rebandings, the material at A260 redistributed itself, while the DNA polymerase activity retained its characteristic density. Repeated banding of the cytoplasmic material achieved a 5000-fold purification of the material with endogenous activity in units of TMP incorporated/A260 unit, completely separated an active high-density material from a major active material of lower density, and resulted in purified material with endogenous activity which was 85-100% RNase sensitive. We interpret this result as evidence that the RNA-dependent DNA polymerase activity is part of a particle with a well-defined biochemical composition.
Molecular Hybridization with Viral-Like DNA Synthesized by Patient IT'. DNA products were prepared for molecular hybridization studies in the presence of actinomycin D using endogenous DNA polymerase activities from the satellite (p = 1.17, W-1 DNA) or main band (p = 1.16, W-2 DNA) obtained after the third isopycnic fractionation (see Fig. 2C ). The pattern of hybridization between cytoplasmic DNA products of patient W. and RNAs of selected tumor viruses showed a remarkable similarity to the pattern described for DNA synthesized by fractionated cytoplasm of patient G.F. (Table 2) . No annealing was observed with RNA from AvLV or feline leukemia virus (FeLV) or with poly(A). Low hybridization occurred with RNA of feline sarcoma-leukemia virus (FeSV). Moderate (15-25% of the input DNA) hybridization occurred with RNA from MuLV, and again neither strain of virus nor source (plasma compared with tissue culture) of the Rauscher strain significantly influenced the data. As in G.F., the best hybridization of DNA from patient W. was obtained with RNA isolated from mouse or simian sarcoma viruses and, again, the best annealing involved over half of the input DNA.
Polyacrylamide-Gel Analysis of Endogenous RNA-Dependent DNA Polymerase Products of Patient W. Fig. 3 presents a polyacrylamide-gel analysis of the reaction products of the endogenous RNase-sensitive DNA polymerase activity of the particle from patient W. (W-2 DNA). Similar analyses on DNA synthesized by animal tumor viruses showed that the purified untreated product of the RNA-dependent DNA polymerase reaction of AvLV (AMV) migrated in polyacrylamide gels as two entities-a complex of about 70 S and lower molecular weight material of heterogeneous size (4-10 S). Heating the untreated complex yielded material migrating at 5-7 S (product-primer). Treatment with alkali or with RNase in low salt concentration liberated the single-stranded DNA product, which migrated as a sharp band between 4 and 5 S. Similar analyses of intermediates synthesized by mammalian RNA tumor viruses yielded a similar pattern, except that the RNAfree DNA chains are heterogeneous in chain length and are unusually short (less than 4 S).
In order to visualize as many size classes of material as possible in the human-derived product of the RNA-dependent DNA polymerase reaction, composite gels, which consisted of a lower portion of 5% gel and an upper of 2% gel, were used. Material 18 S and larger remain in the 2% gel while smaller material penetrates the 5% gel (Fig. 3) . The untreated sample, 3H-labeled in the DNA moiety, was recovered near the top of the 2% gel (Fig. 3A) and as heterogeneous material in the 5% gel (Fig. 3B) . No peak at exactly 70 S was observed. The radioactivity in the untreated complex, which migrated between slices 1 and 50, was sensitive to RNase in high ( Fig.  3C and D) or low ( Fig. 3A and B) salt concentration. Heating the untreated complex eliminated a large fraction of the material at the top of the 2% gel (Fig. 3A) and the material in slices 30-45 in the 5% gel (Fig. 3B) . Concomittantly, material assumed to be product-primer complex accumulated in slices 52-59 upon heating (Fig. 3B) . This complex generated upon heating was sensitive to subsequent RNase digestion (Fig.   3D ).
The high-molecular-weight complex obtained from the untreated sample (Fig. 3A) human intracellular material is analyzed (5, 6) and since there is no way of predicting the behavior of the high-molecularweight complex on polyacrylamide gels from the existing glycerol gradient data (5, 6, 14) . An analysis by the glycerol gradient method of the reaction products of the endogenous DNA polymerase reaction from patient G.F. has revealed the presence of an RNase-sensitive 35S complex (R. E. Gallagher, unpublished).
Our interpretation of the overall polyacrylamide-gel analysis is that the structure of the product-primer-template complex is supplied by RNA in both the primer and template moieties. The DNA product itself appears to be a short polynucleotide chain. In correlating the polyacrylamide-gel data with the hybridization results, it appears that only a small fraction of the product of RNA-dependent DNA polymerase migrates as a high-molecular-weight complex but that a large proportion of the DNA sequences are viral specific. It follows that if the biological material is sufficiently purified before DNA synthesis, then the hybridization assay is the more powerful tool for detecting virus-like nucleic acids.
DNA synthesized by a primate type-C RNA tumor virus It is not clear a priori how much homology one would expect between viral genetic information of human origin and viral genetic information-in animal model systems, e.g., from MuLV (Rauscher) (6, 9) . Accordingly, we measured genetic homology among animal tumor viruses, in an effort to approach the human system in a predictive manner (15) . A representative experiment germane to this communication is included here to put the data of Tables 1 and 2 in proper perspective.  Tables 3 and 4 present hybridizations between DNA synthesized by the type-C primate virus SiSV and RNA from viral or human sources. SiSV DNA contains a large proportion of sequences that anneal to RNA from the Gross-type murine viruses MuSV (Kirsten) and MuLV (AKR) ( Table 3) . Less homology was observed with RNA from MuLV (Rauscher) and the feline viruses, and no hybridization was detected with RNA from the avian virus. This is qualitatively the same pattern as was observed with the human DNA. The differences observed between MuLV (AKR) and MuLV (Rauscher) are reproducible. Since the SiSV virus was grown in normal rat kidney cells (NRK) it was important to assess the fraction of About 4600 cpm of SiSV DNA was hybridized to 5 ,ug of immobilized RNA for 2 weeks, as described in the legend to Table 1 .
Cell-free plasma was obtained by twice clarifying (at 10,100 X g) whole blood from which cells had been allowed to settle (11) . Plasma or cytoplasmic extract was sedimented through 30% glycerol in TNE buffer onto 100% glycerol (step-gradient fraction). The step-gradient fraction was subjected to isopycnic fractionation in a sucrose gradient (sucrose gradient fractions). RNA was extracted from the subcellular fractions by the procedure at pH 9 described in Methods.
Appropriate hybridization experiments between radioactive SiSV RNA and cellular DNA show that the ratio of monkey: rat: mouse information in this SiSV preparation is 8:2: 1 (unpublished results).
If the human cytoplasmic particle synthesizes a DNA that contains SiSV-related sequences and synthesizes this DNA from an RNA template, then it should be possible to detect an RNA species from the human subcellular fraction that will anneal to DNA synthesized by SiSV virus. Accordingly, RNA was prepared from the cytoplasmic fractions of the two patients and from the cell-free plasma of patient G.F. Table 4 demonstrates that the viral DNA probe does anneal to human leukemic RNA. For RNA from patient G.F., only the crude cytoplasmic RNA (before isopycnic banding) and high-density fractions after isopycnic banding hybridized to SiSV DNA; RNA from low-density fractions or from the cell-free plasma did not. For patient W, only RNA from the region of density 1.16 was tested, and this RNA hybridized over 20% of the viral probe.
DISCUSSION
Our experiments confirm and extend the observations that human leukemic cells can use an endogenous RNA template to synthesize DNA (4-6) complementary to murine leukemia virus RNA (Rauscher strain) (6) . In agreement with recent experiments from this laboratory (4) and those of Kufe et al. (5), we find the activity in a cytoplasmic fraction having a density of 1.16-1.17. In our hands, the enzymatically active fraction sediments at high speed and retains its characteristic density upon repeated manipulation and centrifugation. The second property is unlike that displayed by the bulk of the cytoplasmic aggregates. Our experiments used fresh unfrozen cells as starting material. When this condition is adhered to, the repeated isopycnic banding method achieved 5000-fold rat-and monkey-derived information in the SiSV genome.
purification of the particle containing RNA-dependent DNA lolymerase without apparent loss of total polymerase activity. (13) . This viral-specific RNA was found in the appropriate subcellular fractions, but was not observed in RNA from the cell-free plasma. The findings reported here are in keeping with our proposal (17) that if RNA tumor viruses are involved with human cancer, they are likely to be immature or replicationdefective in the sense that thev can only be recovered as intracellular entities.
